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Abstract 
In a research project funded by the US National Science Foundation, 64 teaches were randomly assigned to an 
experimental group and a control group to implement the Dynamic Geometry (DG) approach and a Business-as-Usual 
instructional approach respectively. As a measure of fidelity of implementation of the DG approach, the DG 
Implementation Questionnaire was developed and administered to the experimental group teachers six times across a 
school year. Psychometric analyses were conducted, and established validity and reliability of the questionnaire. A 
quantitative analysis showed that most of the experimental group teachers were faithful in implementing the DG 
approach in their classrooms. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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Introduction 
Dynamic Geometry (DG) is active, exploratory geometry carried out with interactive computer software. Its main 
features such as dragging and measuring allows users, after a construction is made, to move certain elements of a 
drawing freely and to observe other elements respond dynamically to the altered conditions. As these elements are 
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moved smoothly over the continuous domain in which they exist, the software maintains all relationships that were 
specified as essential constraints of the original construction, and all relationships that are mathematical 
consequences of these (Goldenberg & Cuoco, 1998). Hence the software can be used to help students to engage in 
both constructive and deductive geometry (Schoenfeld, 1983) as they build, test and verify conjectures using easily 
constructible models.  
A research project funded by the National Science Foundation (NSF) conducted repeated randomized control trials 
to investigate the efficacy of an approach to high school geometry that utilizes DG software to supplement ordinary 
instructional practices. This approach was referred to as the DG approach in the project, and the DG software used 
by the project was the Geometers’ Sketchpad (Jackiw, 2001) (GSP). 
THEORETICAL FRAMEWORK AND RESEARCH QUESTION 
 
An integrative framework (Olive & Makar, 2009) drawing from Constructivism, Instrumentation Theory and 
Semiotic Mediation was used to guide the study. Within this framework, as teachers and students interact with, and 
in, DG environments these interactions with the technology tool influence the next acts by each person, and continue 
in an interplay between the tool and user. For example, as students "drag" an object and observe outcomes from that 
act, the user (teacher or student) adjusts her or his thinking, which in turn influences the next interaction with the 
tool. Because DG tools allows users to adjust their sketches and the relationships within them, users are 
transforming the tool, their use of the tool, and their thinking. 
This article describes an instrument developed by the project research team to measure the fidelity of DG 
implementation. The reported study addresses the following research question: How did the teachers implement the 
DG approach in their classrooms with fidelity? 
 
METHOD 
 
The population from which the participants of the study were sampled was the geometry teachers at high 
schools in Central Texas school districts. The study followed a randomized cluster design. 64 teaches who were 
randomly assigned to two groups (an experimental group and a control group) received relevant professional 
development, implemented the instructional approaches respectively assigned to them, helped the project staff in 
administering the pre- and post-tests of the participating students, and participated in other data collection activities 
of the project. 
Professional Development and the DG Treatment 
 
In order to effectively implement the DG approach in their classrooms, teachers need to learn the approach first. 
Without professional development training, “teachers often fail to implement new approaches faithfully” (Clements 
et al., 2011, p. 133). So teachers’ professional development (PD) was an important component of the project. For 
our PD to be effective, it had to be long enough, intensive enough, and relevant enough, with substantial support 
from the school districts. Based on these guiding ideas, a weeklong summer institute was offered to the participating 
teachers in the DG group, followed by 6 half-day Saturday PD sessions during the school year. 
The nature of each PD session for the experimental group was interactive and emphasizing participating 
teachers' active involvement and conceptual understanding of mathematics. Important geometric concepts, 
processes, and relationships were presented or revisited through challenging problem situations, which were 
explored with the DG software as a tool. Teachers learned DG skills in the process of using them to tackle the 
problems. They came to learn, first hand, as learners of mathematics, how DG environment encourage mathematical 
investigations by allowing users to manipulate their geometric constructions to answer "why" and "what if" 
questions, by allowing them to backtrack easily to try different approaches, and by giving them visual feedback that 
encourages self-assessment.  
The PD facilitators’ action of leading the teachers to conduct investigations modeled what teachers were 
expected to do with students in their classrooms. To further help teachers to consider changes in their instructional 
strategies, in the relation between them and their students, and in how they facilitate student learning, mathematical 
explorations were always followed by discussions on questions such as “How will you teach this content in your 
classrooms using DG software?” and “How will you lead your students in conjecturing and proving using DG 
software?” The PD facilitators realized the importance of teachers learning from each other and sharing ideas. 
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Therefore, teachers were encouraged to give presentations on their important insights of DG implementation and 
successful stories, or to describe problems they anticipated with other teachers offering suggestions to address the 
concern. Teachers also worked in groups of 3 or 4 to prepare lesson plans to share with the entire group. 
During the school year (i.e., the second year of the project), the DG teachers applied what they learned in the 
summer institute to their teaching practice. 
 
The DG Implementation Questionnaire 
 
During the first year of the project, the project team concentrated on developing project needed instruments 
including the DG Implementation Questionnaire. The DG approach involves using dynamic software intensively in 
classroom teaching to facilitate students’ geometric learning. The critical features of the DG approach include using 
the dynamic visualization to foster students’ conjecturing spirit, their habit of testing conjectures, focusing on 
relationships, and explaining what is observed, their logical reasoning desire and abilities, as well as their 
conjecturing-investigating-proving oriented learning style in exploring problem situations. The DG Implementation 
Questionnaire was adapted from a teacher questionnaire developed by the University of Chicago researchers (Dr. 
Jeanne Century and her colleagues) in an NSF funded project, based on the critical features of the DG approach. 
Serious efforts were made to establish the validity and reliability of the instrument (e.g., the project advisory 
board carefully reviewed the instrument and provided feedback for revision; the research team conducted 
psychometric analyses such as an IRT analysis on the measure). The final version of the DG Implementation 
Questionnaire contains six multiple-choice items and ten open-response questions. An example of the former is: 
“How many times per week did the students work in a computer lab/classroom using GSP software?” (Response 
possibilities are None, One time, Two times, and More than two times for specific weeks.) An example of an open-
response item is, “Please describe how the use of DG tools has helped you improve your understanding of students 
(via formative assessment of students’ learning). Provide explicit examples.” (See Appendix at the end of the paper 
for details.) 
During the school year following the summer institute (also the second year of the project), the DG 
Implementation Questionnaire was administered to the experimental group teachers six times. 
 
DATA ANALYSIS AND FINDINGS 
 
Reliability 
Data from each time point (each time of administering the questionnaire) was used to determine the reliability of the 
instrument using Cronbach’s alpha.  Coefficients from each time point are given in Table 1.  These suggest internal 
consistency of the instrument across each of the time points. Each time point consisted of between 43 and 49 items 
since questions 1-3 required responses for each week, and questions 4-6 required responses for multiple sections.  
Respondents varied at each time point due to sample size, but ranged from N=25 to N=30.  
 
Table 1 
Cronbach’s Alpha by Time Point 
Time Point Alpha 
1 0.94 
2 0.86 
3 0.85 
4 0.94 
5 0.95 
6 0.95 
 
 
Validity 
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Although the alpha coefficients above are within the acceptable range for reliability, closer analyses are 
required to determine the degree to which the items measure the same unidimensional construct. As a preliminary 
analysis, item correlations with total score were examined to make inference regarding the ability of each item to 
discriminate between low and high fidelity teachers. These correlations were calculated for each time point, and then 
summarized by taking the mean of the correlations for each item.  Mean item correlations with total score are given 
in Table 2 (iwj represents question i week j, 1 <= i <= 3, 1 <= j <= 5). 
 
Table 2 
Mean Item Correlations with Total Score 
Item Correlation Item Correlation Item Correlation 
1w1 0.34 4MakeCon 0.67 6Drag 0.64 
1w2 0.32 4TestCon 0.63 6meas 0.70 
1w3 0.46 4UnderRel 0.58 6anim 0.48 
1w4 0.33 4Provide 0.56 6tran 0.56 
1w5 0.30 4Link 0.63 6obs 0.65 
2w1 0.40 4Prompt 0.58 6inv 0.66 
2w2 0.37 5Class 0.40 6form 0.68 
2w3 0.40 5Ind 0.22 6test 0.68 
2w4 0.40 5Group 0.24 6feed 0.60 
2w5 0.33 5Demo 0.33 6prove 0.55 
3w1 0.38 5Inter 0.25 6Coop 0.49 
3w2 0.37 5StudDemo 0.34 6Share 0.50 
3w3 0.42   6Conv 0.55 
3w4 0.35   6Idea 0.61 
3w5 0.28   6Approach 0.66 
    6Apply 0.63 
 
This table shows that the mean correlations for the items in questions 1, 2, 3, and 5 are much lower than the 
correlations in questions 4 and 6. Response patterns indicate that most respondents endorsed items in questions 1, 2, 
and 3 at one of the lowest two options during the first three time points. However, Table 3 shows that the 
correlations with total score increase drastically over the last two time points.  These results suggest that the items 
did not discriminate well between high and low fidelity scores at the earlier time points because there was very little 
variation in responses. That is to say, very few responses were at the higher levels. However, in the last two time 
points the items did discriminate well between higher and lower fidelity.  
These results support the validity of the items in questions 1, 2, and 3 in light of the “on the ground” realities of 
implementing the DG approach. For example, although the DG software was provided to schools over the summer, 
in many cases the software did not become operational until later in the school year. In addition, teachers received 
ongoing support to implement the DG approach to instruction. So, as necessary resources became available, and as 
teachers received additional support, these items were endorsed at the higher levels more often. Even though there 
were only modest changes in the frequencies at the higher levels, the items were much higher correlated in the last 
two time points. This evidence suggests the items adequately discriminate between high and low fidelity teachers in 
the time points where teachers were most equipped to implements all features of the DG approach. 
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Table 3 
Item Correlations with Total by Time Point 
   Timepoint   
Item 1 2 3 4 5 6 
1w1 0.24 0.13 0.31 0.23 0.52 0.65 
1w2 0.46 0.00 0.41 0.02 0.33 0.64 
1w3 0.64 0.17 0.46 0.24 0.56 0.62 
1w4 0.11 -0.20 0.19 0.62 0.67 0.56 
1w5 -0.30 0.64 0.02 0.71 0.36 0.45 
2w1 0.12 0.42 0.55 0.35 0.64 0.49 
2w2 0.22 0.58 0.43 0.31 0.35 0.50 
2w3 0.22 0.56 0.44 0.22 0.56 0.56 
2w4 0.05 0.44 0.33 0.60 0.53 0.56 
2w5 -0.40 0.60 0.34 0.57 0.60 0.44 
3w1 0.16 0.24 0.45 0.23 0.62 0.54 
3w2 0.36 0.11 0.49 0.24 0.40 0.52 
3w3 0.42 0.27 0.40 0.24 0.63 0.50 
3w4 0.16 -0.11 0.19 0.64 0.62 0.51 
3w5 -0.16 0.59 -0.06 0.54 0.35 0.40 
 
Question 5 response patterns are very different than questions 1, 2, and 3.  Three of the items had less than 10% 
respond to the lowest two categories. These items are also qualitatively different than those in questions 1, 2, and 3. 
Items from the first three questions are very closely aligned with the DG approach. In comparison, items in section 5 
are very general. In addition, the correlations did not improve systematically over time. Since this instrument is 
designed to measure the degree to which the DG approach is being implemented, the correlations suggest the more 
general question does not have a strong relationship with the total fidelity scores. Because of this, we will consider 
whether leaving section 5 in or removing it from the instrument. (After removing question 5, the instrument still 
retained alpha levels within acceptable range at each administration.) 
 
A preliminary quantitative analysis 
 
Figure 1 and Figure 2 show how teachers rated themselves when it comes to their effectiveness and comfort in 
using GSP in teaching of geometry. The results reveal that in terms of the level of effectiveness in using GSP in 
teaching geometry, from those teachers who completed the questionnaire (total of 31), 29% of the teachers were at 
the high level, 61% of the teachers were at the middle level, and 10% of the teachers were at the low level. In 
addition, it seems that more teachers felt more comfortable than effective in using GSP in teaching. Only one 
teacher did not feel comfortable using GSP in teaching of geometry. An overwhelming majority of teachers (97%) 
felt very comfortable or somewhat comfortable in using GSP in teaching. 22 teachers felt as effective as they felt 
comfortable in using GSP in teaching of geometry. 
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        Figure 1. Effectiveness in using GSP                       Figure 2. Level of comfort in using GSP 
 
Figures 3 and 4 show average teac1her and student use of GSP throughout the school year. Here “average teacher 
use of GSP” represents “average times per week the teacher uses the demonstration computer in his/her classroom to 
do GSP presentations and/or demonstrations to students”. The “average student use of GSP” represents “average 
times per week students work in a computer lab doing hands-on explorations with GSP”. Among the 31 teachers 
who completed the questionnaire, on average, 77% of them used GSP on the demonstration computer at least one 
time each week, and 38% of them at least two times. However, among the 31 teachers who completed the 
questionnaire, in terms of “taking students to the computer lab to do hands-on activities with GSP,” on average, only 
61% of them did so at least one time each week, and only 10% of them did so at least two times each week. 
 
                  Figure 3. Average teacher use of GSP              Figure 4. Average student use of GSP 
 
These facts show that overall, and especially in terms of “taking students to the computer lab to do hands-on 
activities with GSP,” the teachers’ implementation of the DG approach was at the medium intensity level. This 
finding is consistent with that from the classroom observations. However, almost all teachers were positive or 
enthusiastic in using GSP in geometry teaching. Considering the challenges (the inaccessibility of a computer lab in 
the first several weeks, the pressure of the intensive state testing, etc.) that the teachers experienced during the 
school year, most of them should be regarded as being faithful to the DG approach. (More thorough analysis 
including qualitative analysis of the Implementation Questionnaire data is ongoing.) 
 
 
CONCLUSION 
 
The DG Implementation Questionnaire was developed based on the research and teaching experiences of the 
project team, a group of mathematics education experts’ (the advisory board members’) careful review and 
suggestions for revision, and the rigorous reliability and validity testing. An initial quantitative analysis of the 
Implementation Questionnaire data suggested that most of the experimental group teachers should be regarded as 
being faithful to the DG approach. As a result of these teachers’ implementation of the DG approach in their 
geometry classrooms, their students significantly outperformed the students of teachers in the control group in a 
geometry achievement test (Jiang et al., 2011). As one of project advisory board members indicated, “This scale is 
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clear…  I especially like the requests for specific examples—these are often very revealing and in fact may provide 
a lot of insight about how a teacher is thinking about her instruction.” 
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